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Abstract
Objective—To examine the effects of pre-pregnancy alcohol drinking on child 
neuropsychological functioning.
Design—Prospective follow-up study.
Setting and population—154 women and their children sampled from the Danish National 
Birth Cohort.
Methods—Participants were sampled based on maternal alcohol consumption before pregnancy. 
At 5 years of age, the children were tested with the Wechsler Preschool and Primary Scale of 
Intelligence-Revised, the Test of Everyday Attention for Children at Five (TEACh-5), and the 
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Movement Assessment Battery for Children (MABC).The Behaviour Rating Inventory of 
Executive Function (BRIEF) were completed by the mothers and a preschool teacher. Parental 
education, maternal IQ, prenatal maternal smoking, child’s age at testing, child’s sex, and alcohol 
intake during pregnancy were considered potential confounders.
Main outcome measures—Performance on the Wechsler Preschool and Primary Scale of 
Intelligence-Revised, the TEACh-5, the MABC, and the BRIEF.
Results—Intake of 15-21 drinks/week on average prior to pregnancy was not associated with any 
of the outcomes, but intake of ≥22 drinks/week on average was associated with a significantly 
lower adjusted mean full scale IQ and lower adjusted means in overall attention and sustained 
attention score, but not in selective attention score or any of the BRIEF index scores or MABC 
scores.
Conclusions—Intake of ≥22 drinks/week before pregnancy was associated with lower mean full 
scale IQ, overall attention and sustained attention. Assessment of pre-pregnancy drinking provides 
additional information regarding potential prenatal alcohol exposure and its implications for child 
neurodevelopment.
Keywords
Pregnancy; alcohol drinking; neurodevelopmental effects; intelligence; attention; executive 
function; motor function
Introduction
Intake of alcohol during pregnancy can be harmful for the developing fetus and cause 
miscarriage,1 preterm birth, growth retardation,2 and malformations.3 
Neurodevelopmentally, it can adversely affect several cognitive domains.4-6 These findings 
have come primarily from studies of drinking at moderate to heavy levels, involving daily or 
chronic drinking.
With respect to lower levels of alcohol use during pregnancy, findings are more complex. A 
recent, large cohort study showed no statistically significant differences between children 
whose mothers consumed 1-8 drinks per week and those who abstained with respect to 
intelligence,7;8 attention,8;9 executive function,8;10 behaviour8;11 or motor function.12 
Further, a recent meta-analysis assessed the association between average weekly alcohol 
intake of >0 - ≤6 drinks per week and neuropsychological development of the child13 and 
revealed no significant associations between any of the exposure categories and the included 
neuropsychological outcomes (i.e., visual- motor function, attention, cognition, behavior, 
development, or language skills). However, when restricting analyses to studies of high 
quality only, a detrimental association between average weekly intake of 3- ≤6 drinks and 
child behavior was observed as was a small, statistically significant, beneficial association 
between average weekly intake of >0 - ≤6 drinks and child cognition.
An important aspect for these studies is the timing and pattern of alcohol exposure 
assessment. In some studies, alcohol binge drinking has been assessed week by week in 
early pregnancy before and after the assumed time of conception, 7;8 thereby taking into 
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account timing of exposure. However, for average alcohol intake, such detailed information 
on exposure has not been published.
Studies comparing pre-pregnancy and pregnancy alcohol consumption have shown that 
approximately half of all women stop drinking once pregnancy is recognized.14;15 Of the 
women who do not completely stop drinking during pregnancy, the majority reduce their 
alcohol consumption to much lower weekly levels. It is likely that especially women with 
unplanned pregnancies may have continued drinking at pre-pregnancy levels during the very 
early weeks of pregnancy before pregnancy recognition.
Alcohol use problems prior to pregnancy as measured by TWEAK16 (a validated instrument 
used to screen for risk drinking behaviour by asking indirect questions about e.g. Tolerance, 
Worries in the family, use of an Eyeopener, etc.) has been associated with adverse 
obstetrical outcomes, even in the absence of in-pregnancy alcohol use.17 However, the 
association between peri- or pre-conceptional alcohol use and later neuropsychological 
development of the child has not been investigated. We used data from the Lifestyle During 
Pregnancy Study (LDPS)8;18 to assess the association between high average maternal 
reported pre-pregnancy alcohol intake and intelligence, attention, executive function and 
motor function of the child resulting from the subsequent pregnancy.
Methods
Participants
The LDPS has been described in detail elsewhere, including the oversampling of women 
with high alcohol intake.8;18 Briefly, participants were drawn from the Danish National 
Birth Cohort (DNBC), a prospective cohort study of 101,042 women and their children.19 
Women in the DNBC were recruited from 1997-2003, at their first antenatal visit at a 
general practitioner (routinely the first contact to a healthcare practitioner for a pregnant 
woman in Denmark). Participating women represent 60% of those invited and 
approximately 30% of all pregnant women in Denmark in the enrollment period.
Only women explicitly sampled on the basis of alcohol intake before pregnancy were 
eligible for the present analysis (N=289). Of these eligible participants, 154 mother-child 
pairs consented/assented and were tested. 8;18 The children were 60-64 months of age 
(mean= 5.2 years, 10/90 percentile = 5.1-5.3) at the time of testing. Fifty one percent of the 
children were boys.
Exclusion criteria for the LDPS were mother’s or child’s inability to speak Danish, impaired 
hearing or vision of the child to the extent that it was likely to affect the child’s test 
performance, child from a multiple pregnancy, and congenital disorders likely to cause 
mental retardation (e.g. Down syndrome).
Measures
Exposure variables—We obtained information on alcohol consumption before and 
during the index pregnancy from the first DNBC interview administered at a median 17 
weeks of gestation (10/90 percentile 12–24 weeks) for those participating in this follow up 
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study. Questions assessed the average number of drinks per week of beer, wine, and spirits 
that the pregnant woman consumed before the index pregnancy. The definition of a drink 
was 12 grams of pure alcohol (following the definition from the Danish Health and 
Medicines Authority). Women were sampled on the basis of alcohol intake before 
pregnancy: If they reported being abstainers before and during pregnancy (reference group), 
or reported consuming an average of ≥15 drinks per week before pregnancy (exposed 
group), which is more than the maximum recommended level for non-pregnant women by 
the Danish Health and Medicines Authority at the time of the study (maximum of 14 drinks 
per week).20 Subsequently, maternal average weekly alcohol intake before pregnancy was 
categorized into three groups (0, 15-21, ≥22 drinks/week). Intake above the maximum 
recommended level was chosen to achieve maximum contrast between the exposed and 
unexposed groups. With respect to the categorization of the 15+ group, we chose two 
categories based on the small numbers, and used the 15-21 (corresponding to >2 -3 drinks/
day) and ≥22 (>3 drinks/day) categories, because this would be comparable to other studies 
using daily intake as their unit.
Outcome variables—The LDPS included a comprehensive neuropsychological 
assessment of the children at age 5, which has been described in detail elsewhere.8;18 
Sampled mothers were invited by letter to participate in the study 3-10 weeks (mean=5.8) 
before their child’s fifth birthday. A self-administered questionnaire for the parents 
regarding the child’s general postnatal health and development as well as maternal and 
paternal postnatal lifestyle was mailed to the participants.
When the child was between 60 and 64 month old, a 3-hour assessment was carried out in 
one of four test sites, ensuring that assessment took place within a manageable travel 
distance for all mothers and children.
Analyses in this paper assessed primary outcomes of intelligence, attention, executive and 
motor function using a standard intelligence test, a project-developed test of attention 
validated on a separate group of Danish pre-schoolers, a standard rating scale of executive 
functioning for pre-schoolers, and a test of motor function (performed only between 
September 2003 and February 2006).
Intelligence: We assessed intelligence with the Wechsler Primary and Preschool Scales of 
Intelligence-Revised (WPPSI-R), one of the most widely used, standardized tests of 
intelligence for three to seven year old children.21 It consists of five verbal subtests and five 
performance (non-verbal) subtests from which verbal (VIQ), performance (PIQ), and full 
scale (FSIQ) IQs are derived. We used a short form including three verbal (Arithmetic, 
Information and Vocabulary) and three performance subtests (Block Design, Geometric 
Design and Object Assembly) in order to reduce the length of the test session. Standard 
procedures were used to prorate IQs from the shortened forms of the tests. No Danish 
WPPSI-R norms were available at the time of the study, and therefore Swedish norms were 
used to derive scaled scores and IQs.
Attention: Attention was measured by the Test of Everyday Attention for Children at Five 
(TEACh-5).9 Detailed description of development of the TEACh-5, validation and its 
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psychometric properties are provided elsewhere.22 For the present analyses we used 
selective attention and sustained attention. Selective attention was composed of a non-verbal 
cancellation task and an auditory task of listening for a specific target among distracters. 
Sustained attention consisted of an auditory task of counting the number of times a target 
sound was produced at various rates of presentation and a visual motor task of drawing a 
line as slowly as possible.
The number correct and the log-transformed scores (auditory target identification and 
drawing a line) were first standardized to a mean of 0 and a SD of 1 based on the full LDPS 
sample. The mean of the four standardized subscores were subsequently calculated and re-
standardized to a mean of 0 and a SD of 1 for use in the statistical analyses as a composite 
measure of overall attention.
Executive Function: The Behavior Rating Inventory of Executive Function (BRIEF) is an 
86 item questionnaire that assesses executive function behaviors in the home as rated by the 
mother and in the day care environment as rated by staff.23 Only data on the three 
standardized index scores: Behavioral Regulation Index (BRI), Metacognition Index (MI) 
and Global Executive Composite (GEC) are presented in this paper.
A translated version of the BRIEF was used (Hogrefe Psychological Publishers) with minor 
adjustments for Danish preschool children. We constructed our own Danish norms based on 
the full LDPS sample, because no Danish BRIEF norms were available at the time of the 
study. A normalizing T-score transformation for the observed BRIEF scores was computed, 
with higher scores indicating more difficulties.
Motor Function: Motor function was assessed by the Movement Assessment Battery for 
Children (MABC),24 a widely used standardized instrument for the detection of mild to 
moderate motor difficulties in children. The performance test requires the child to perform a 
series of eight standardized motor tasks covering gross and fine motor function and static 
and dynamic balance. Every task is scored from 0-5 according to the speed and number of 
correctly executed components of each task and thus, the total scores on the performance 
test is 0-40, with lower scores indicating a better performance. The total motor impairment 
score (TIS) can be interpreted by using percentile norm tables for the specific age group. 
The quantitative part of the MABC has been shown to have high inter-rater and test-retest 
reliability25;26 and moderate concurrent validity .25
Covariates—From the prenatal interview, the following covariates were included: 
Maternal average weekly alcohol intake during pregnancy at the time of the interview and 
maternal alcohol binge drinking in early pregnancy (≥5 drinks on a single occasion before 
the time of the first DNBC interview); prenatal maternal smoking (yes/no). From the 5-year 
follow-up, the following variables were included: length of parental education in years (the 
average educational length for the two parents or length of maternal education if information 
on the father was unavailable, analyzed as a continuous measure).
Maternal IQ was assessed using two verbal subtests (Information and Vocabulary) from the 
Wechsler Adult Intelligence Scale27 (WAIS) and the Raven’s Standard Progressive 
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Matrices.28 We standardized the raw scores based on the results from the full sample and 
weighted them equally in a combined score, re-standardized to an IQ scale with a mean of 
100 and an SD of 15.
Maternal age was obtained directly from the unique Danish personal identification number, 
as was sex of child and age of child at testing.
Statistical analysis
Associations between pre-pregnancy maternal alcohol exposure categories (0, 15-21, ≥22) 
and the continuous measures of FSIQ, VIQ, PIQ, overall attention, selective attention, 
sustained attention, BRIEF BRI, MI and GEC, and the MABC outcome scores were 
estimated using multiple linear regression. Parental education, maternal IQ, maternal 
smoking during pregnancy, the child’s age at testing, the child’s sex, and prenatal maternal 
average weekly alcohol intake were considered potential confounders. In sub-analyses, 
maternal binge drinking during early pregnancy was used instead of average weekly alcohol 
intake. Because of the overall sample size, to maximize variance for variables of interest, the 
number of potential confounders selected for the analyses was restricted to those most 
relevant for those neurodevelopmental constructs.
Missing values were imputed based on the following two strategies: A dedicated model for 
imputations, for which variables were modeled from other variables considered to be most 
predictive (specific equations available upon request), and a black-box strategy for which all 
variables were used to predict missing values. The main conclusions were essentially 
unaffected by imputation strategy and point estimates of the exposure parameters did not 
differ by more than 0.6% relative to standard error. All conclusions were maintained when 
complete case analysis was conducted. The results of the dedicated imputation strategy are 
reported. All imputations were implemented with the -ice- add-on command,29 and the built-
in -mi estimate- command of Stata 11.
All analyses were weighted by sampling fractions with robust variance estimation to account 
for the complex stratified sampling design, and all statistical tests were two-sided and 
declared significant at 5% level. All estimates include 95% confidence intervals. No 
adjustment was made for multiple comparisons, as most methods tend to yield conservative 
estimates, which in the case of risk of adverse outcomes would be to err in the wrong 
direction.
The study was approved by the DNBC Board of Directors, the DNBC Steering committee, 
the regional Ethics Committee, the Danish Data Protection Agency, and the Institutional 
Review Board at the Centers for Disease Control and Prevention. Signed informed consent 
was obtained for the LDPS.
Results
No systematic differences were observed between the participating and non-participating 
mother and child pairs with respect to observed characteristics (Table 1).
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Table 2 shows the descriptive characteristics of the participants across average number of 
drinks per week before pregnancy. Based on reported average drinking only, across 
exposure levels, 62 women (40%) reported drinking pre-pregnancy and continued to drink 
during pregnancy, 23 (15%) reported drinking pre-pregnancy but did not report drinking 
during pregnancy, and 69 (44%) drank neither before nor during pregnancy. Women who 
reported being an abstainer before and during pregnancy were more likely to have 
significantly lower maternal IQ, lower maternal education, higher parity, and be younger 
and a non-smoker, while a suboptimal home-environment index was increasingly more 
common among those with increasing pre-pregnancy alcohol intake. There were no 
significant differences by alcohol intake and other family or child characteristics (Table 2).
Regarding child outcomes, average intake of 15-21 drinks per week before pregnancy was 
not associated with IQ, attention, executive function or motor function (Tables 3 – 6).
Intake of ≥22 drinks/week on average before pregnancy was associated with a significantly 
lower adjusted mean FSIQ with a difference of −6.33 IQ points (95% CI: −12.56; −0.10) 
compared to abstainers. The differences in VIQ and PIQ were of a comparable magnitude, 
although not significantly different from the children of mothers who did not drink prior to 
pregnancy (Table 3). When adjusting for binge drinking in early pregnancy instead of 
average alcohol intake during pregnancy, larger mean differences appeared for the ≥22 
drinks/week-group: −10.29 (95% CI: −16.98; −3.61) for FSIQ, −5.69 (95% CI: −10.74; 
−0.65) for VIQ, and −12.98 (95% CI: −23.65; −2.30) for PIQ.
An intake of ≥22 drinks/week on average prior to pregnancy also was associated with 
significantly lower adjusted means in overall attention score and sustained attention score, 
but not in selective attention score (Table 4). Adjustment for binge drinking in early 
pregnancy instead of average alcohol intake during pregnancy did not change the magnitude 
or the significance of the results (data not shown).
We found no significant association between alcohol intake prior to pregnancy and any of 
the BRIEF index scores (Table 5) or MABC scores (Table 6), including subscales of MABC 
scores (data not shown). Adjusting for binge drinking during early pregnancy instead of 
average alcohol intake during pregnancy did not change these conclusions (data not shown).
P-value for the hypothesis of no difference in adjusted scores across all levels of average 
alcohol intake before pregnancy were significant for FIQ and VIQ scores (Table 3), overall 
and sustained attention scores (Table 4) and MABC scores (Table 6). However, there was a 
systematic, negative trend across all the alcohol categories only for the adjusted attention 
scores (Table 4), whereas for IQ and motor function, the adjusted scores for the 15-21 
drinks/week groups showed at positive (albeit insignificant) association (Tables 3 and 6).
Discussion
Main findings
We found that intake of ≥22 drinks/week on average prior to pregnancy was associated with 
a significantly lower adjusted mean FSIQ, and that the differences in mean VIQ and PIQ 
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were of a comparable magnitude. Intake of ≥22 drinks/week also was associated with 
significantly lower adjusted means in overall attention score and sustained attention score, 
but not selective attention score, executive function scores, or MABC scores. Intake of 
15-21 drinks per week on average before pregnancy was not associated with IQ, attention, 
executive function, or motor function.
Strengths & limitations
The risk of selection bias in this study is small. As reported elsewhere, there were no 
significant differences between the participating and non-participating LDPS sample.7 
Although the participants in the DNBC were likely to be healthier than other women, this 
causes only little if any bias in within DNBC analyses.30 Second, the neurodevelopmental 
assessment was based on some of the most widely used, validated measures of intelligence 
and executive function for children. In addition, trained psychologists, with no knowledge of 
the reported maternal alcohol intake, performed the assessments. Third, the participants 
represented a homogenous middle class population with respect to health, lifestyle and 
socioeconomic status, thereby reducing the risk of confounding by socio-economic factors.
Interpretation - finding in light of other evidence
Alcohol risky drinking prior to pregnancy has been associated with low Apgar score, pre-
labor rupture of membranes, reduced birth weight, and gestational age.17 Even among 
women who reported risky drinking before pregnancy but no alcohol intake during 
pregnancy, increased risk of pre-labor rupture of membranes and reduced birth weight has 
been reported.17
We have previously described for the LDPS that intake of 1-8 drinks/week on average 
during pregnancy and binge drinking in early pregnancy were not systematically associated 
with child IQ,7;31 attention (including selective and sustained attention),9 executive 
function,10 motor function12;32 or behavior.11 This raises the issue of how to explain that 
high alcohol intake before pregnancy (≥22 drinks/week on average) and peri-conceptionally 
appears to substantially reduce IQ and attention scores, while alcohol intake during 
pregnancy at the levels reported by the same women (table 2) does not.
First, in the present study pre-pregnancy drinking represented heavier levels of drinking, not 
the low to moderate levels of most women in previous LDPS analyses. Because women may 
have been reporting alcohol consumption levels prior to pregnancy recognition rather than 
prior to conception,14 significant prenatal exposure to alcohol by the fetus may have still 
occurred during very early gestation.6 Further, 40% women reported that they continued to 
drink, and these women would be drinking at the higher levels involving potentially 
significant exposure prior to pregnancy recognition. Thus, assessment of pre-pregnancy may 
be more accurate in determining prenatal exposure, or at least have added clinical utility.
Underreporting of alcohol intake during pregnancy is likely, but this would explain the 
described associations only if the vast majority of women with a high intake of ≥22 drinks 
per week on average before pregnancy are indeed at high risk, and these women completely 
deny any alcohol intake during pregnancy, thereby reducing the potential contrast between 
non-drinkers and weekly drinkers during pregnancy. However, in this study 63.2% of the 
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women reporting intake of ≥22 drinks per week on average before pregnancy reported intake 
of 1-8 drinks per week on average during pregnancy.
All the women in the two alcohol drinking groups in this study reported a reduction in 
alcohol intake by the early second trimester, no one reporting intake of more than 8 drinks 
per week on average, most of them a maximum of 4 drinks per week (Table 2). If validly 
reported, such a reduction in drinking should have reduced exposure to below estimated risk 
levels during pregnancy as regards to neurodevelopmental outcomes. Thus another 
possibility is that by restricting the number of covariates, the present analysis is left with the 
possibility of unadjusted (residual) confounding. In previous analyses of the LDPS, the 
larger sample allowed us to adjust for a larger number of pre- and postnatal variables 
including for example parental education, maternal IQ, prenatal maternal smoking and 
average weekly alcohol intake and/or binge drinking, maternal age, parity, prenatal and 
postnatal marital status, postnatal parental smoking, maternal pre-pregnancy BMI, the 
child’s sex and age, health status, hearing and vision on the day of testing, family/home 
environment, and tester.7-10;31;32 Even so, we included what appears to be the most 
important confounders: maternal IQ and parental education.33
Alternatively, alcohol – and possibly other toxic agents –most likely induce epigenetic 
changes in the gametes before or around the time of conception.34 Thus, the differentiating 
and imprinting process occurs during maturation in the developing spermatogonia and the 
oogonia, but for both, the process is accomplished before fertilization.35 This, however, 
remains speculative at this point.
Another question is: Why is the association with IQ stronger when adjusting for binge 
drinking during early pregnancy than when adjusting for average weekly alcohol intake? 
Many of the women reporting ≥15 drinks per week on average before pregnancy also 
reported binge drinking episodes. In fact, in our study, there were more binge drinkers 
among participants than among non-participants (Table 1). In the LDPS, we have previously 
shown that high average alcohol intake of ≥9 drinks/week was marginally associated with 
low IQ7 while binge drinking in early pregnancy was not.31 It may be that average weekly 
alcohol intake during pregnancy is simply a stronger confounder than binge drinking during 
pregnancy, and therefore estimates adjusted for binge drinking leave more room for residual 
confounding than estimates adjusted for average weekly alcohol intake. Alternatively, 
information on binge drinking may be more precise and therefore more valid, leaving less 
room for information bias. However, both types of information were collected with 
validated instruments, reducing the risk of potential misclassification.36;37
Conclusion
In summary, we observed that intake of ≥22 drinks/week on average before pregnancy was 
associated with lower mean full scale IQ, overall attention and sustained attention, but not 
with selective attention, executive function and motor function. Thus, assessment of pre-
pregnancy (or peri-conceptional) drinking provides additional information regarding 
potential prenatal alcohol exposure and its implications for child neurodevelopment. In the 
absence of a comparable association with average alcohol intake and binge drinking during 
early pregnancy, the described association may be due to uncontrolled confounding or 
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misreporting consumption during pregnancy but prior to pregnancy recognition, although 
other explanations such as epigenetic changes cannot be ruled out.
However, to avoid any risk for women who may become pregnant (i.e. trying to become 
pregnant or not consistently using an effective method of contraception), the current advice 
in most countries is to abstain from consuming alcohol,38;39 especially since significant 
exposure may occur prior to pregnancy recognition. Based on studies of within pregnancy 
drinking, however, this advice may need to be refined, and clearly additional data, both 
before pregnancy recognition and during pregnancy, are needed to clarify messages and 
recommendations to women. Future studies may want to focus on measuring peri-
conceptional drinking, distinguishing between pre- and postconceptional drinking as well as 
drinking before and after pregnancy recognition.
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Table 1
Maternal and child characteristics of participants and non-participants, Denmark 2003-2008.
Eligible
Participants
tested
Questionnaire
only
Non-
participants Total
Number of participants 154 11 124 289
Sampling fraction
(Median, 10th/90th percentile)
13.8
(1.4/14.9)
1.4
(1.4/14.9)
1.4
(1.4/14.9)
11.7
(1.4/14.9)
Timing of interview, gestational
week (median, 10th/90th
percentile)
17.0
(12.0/24.0)
16.0
(12.0/21.0)
17.0
(13.0/23.0)
17.0
(13.0/24.0)
Maternal characteristics
Age, years (Mean ± SD) 29.9 ± 4.6 27.0 ± 3.0 30.0 ± 5.4 29.8 ± 4.9
Prenatal marital status
Single (%) 4.5 9.1 6.5 5.5
Parity
  0(%) 59.7 63.6 48.4 55.0
  1(%) 31.2 27.3 30.6 30.8
  ≥2(%) 9.1 9.1 21.0 14.2
Maternal pre-pregnancy BMI,
kg/m2
(Median, 10/90 pctile)
22.8
(19.4/29.1)
21.5
(18.0/27.5)
23.8
(20.0/30.0)
23.2
(19.6/29.6)
Smoking in pregnancy
Smokers (%) 33.8 36.4 43.5 38.1
Binge drinkers during early
pregnancy (%)1 31.8 9.1 22.6 27.0
Child characteristics
Gender
Male (%) 50.6 27.3 48.4 48.8
Birth weight, grams (Mean ± SD) 3620.2 ± 510.2 3167.2 ± 434.3 3647.4 ± 564.4 3614.6 ± 537.7
Gestational age at birth, days
(Median, 10/90 pctile)
281.5
(268.0/294.0)
282.0
(271.0/285.0)
283.5
(269.0/294.0)
282.0
(268.0/294.0)
1
Defined as intake of 5 drinks or more at one occasion.
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Table 2
Sample characteristics1 across average number of drinks per week before pregnancy, Denmark 2003-2008.
Average number of drinks per week
prior to pregnancy
0 15-21 ≥222 Total p-values3
Number of participants 69 66 19 154
Sampling fraction
(Median, 10th/90th percentile)
1.4
(1.4/1.4)
14.3
(13.6/14.9)
14.3
(13.9/14.9)
13.8
(1.4/14.9)
Timing of interview,
gestational week (median,
10th/90th percentile)
16
(12/25)
17
(13/24)
18
(12/26)
17
(12/24)
0.44
Family characteristics
Maternal age, years
(Mean ± SD) 28.9 ± 3.7 31.0 ± 4.8 29.4 ± 5.8 29.9 ± 4.6
0.02
Parity <0.01
    0(%) 33.3 78.8 89.5 59.7
    1(%) 50.7 18.2 5.3 31.2
    ≥2(%) 15.9 3.0 5.3 9.1
Maternal pre-pregnancy BMI,
kg/m2
(Median, 10/90 percentile)
23.2
(20.3/31.1)
22.6
(19.3/27.7)
22.4
(18.0/26.7)
22.8
(19.4/29.1)
0.08
Maternal marital status4
  Single (%) 13.0 16.7 21.1 15.6
0.68
Parental education, years
(Median, 10/90 pctile)
12.0
(10.5/14.5)
14.0
(11.0/16.5)
14.0
(10.0/17.0)
13.0
(10.5/16.0)
<0.01
Family/home index
  Suboptimal5 (%) 17.4 22.7 63.2 25.3
<0.01
Maternal IQ (Mean ± SD) 96.5 ± 13.6 103.0 ± 14.8 101.2 ± 19.9 99.9 ± 15.2 0.03
Maternal prenatal smoking
  Smokers (%) 23.2 42.4 42.1 33.8
0.04
Postnatal parental smoking
  Smokers (%) 30.4 36.4 52.6 35.7
0.18
Average alcohol consumption
during pregnancy
  0 drinks/week (%) 100.0 24.2 36.8 59.7
  1-4 drinks/week (%) 0 71.2 57.9 37.7
  5-8 drinks/week (%) 0 4.5 5.3 2.6
Binge drinkers during early
pregnancy (%)6 0 57.6 57.9 31.8
0.91
Child characteristics
Gender 0.67
    Male (%) 52.2 51.5 42.1 50.6
Age at testing in years
(Median, 10/90 percentile)
5.2
(5.1/5.3)
5.2
(5.1/5.3)
5.3
(5.1/5.3)
5.2
(5.1/5.3)
0.28
Birth weight, grams
(Mean ± SD)
3658.1
± 511.8
3664.6
± 448.8
3330.7
± 628.1
3620.2
± 510.2
0.07
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Average number of drinks per week
prior to pregnancy
0 15-21 ≥222 Total p-values3
Gestational age, days
(Median, 10/90 pctile)
280
(263/293)
283.5
(273/294)
281
(241/298)
281.5
268/294)
0.07
Health status 0.21
  Condition/medicine7
 (%) 2.9 0.0 10.5 2.6
No sports (%) 25.0 38.1 46.7 33.1 0.16
Hearing abilities
  Normal (%) 89.9 98.5 94.7 94.2
0.17
Vision abilities
  Normal (%) 94.2 93.9 94.7 94.2
0.97
1
Based on unweighted data. P-values based on weighted analyses.
2
Range: 22.0-41.5 drinks per week.
3
P-values for differences across all alcohol consumption groups based on weighted analyses.
4Single if single either in pregnancy or at follow-up (60-64 months postpartum).
5
Defined as a score on at least 2 of the following items: single parent household; changes in care giving; day care >8 hrs/day before age 3; 14+ 
days away from home; irregular breakfast meals; maternal depression; parental alcohol use above the maximum recommended level at the time by 
the Danish Health and Medicines Authority of 14 drinks per week for women and 21 drinks per week for men..
6
≥5 drinks on one occasion.
7
Medical conditions or regular medications that may influence test performance.
BJOG. Author manuscript; available in PMC 2016 December 01.
Author M
anuscript
Author M
anuscript
Author M
anuscript
Author M
anuscript
Kesmodel et al. Page 16
Table 3
Associations between maternal alcohol intake before pregnancy and offspring mean WPPSI-R1 full scale IQ, 
verbal IQ and performance IQ, Denmark 2003-2008.
Crude Adjusted2
Average number of
drinks per week before
pregnancy
Mean score Meandifference 95% CI Mean  difference 95% CI
Full scale IQ
  0 105.88 Reference - Reference -
  15-21 106.84 0.97 [−2.83; 4.76] 2.05 [−3.40; 7.50]
  ≥22 99.31 −6.57 [−13.36; 0.12] −6.33 [−12.56; −0.10]
    p-value 3 0.08 0.02
 Verbal IQ
  0 103.59 Reference - Reference -
  15-21 106.04 2.45 [−0.74; 5. 46] 1.99 [−2.78; 6.76]
≥  22 99.98 −3.61 [−8.35; 1.14] −4.63 [−9.79; 0.53]
    p-value 3 0.04 0.01
Performance IQ
  0 106.84 Reference - Reference -
  15-21 105.96 −0.89 [−5.98; 4.20] 1.89 [−5.44; 9.21]
  ≥22 98.56 −8.29 [−17.88; 1.31] −6.52 [−16.00; 2.96]
    p-value 3 0.27 0.21
1Wechsler Preschool and Primary Scale of Intelligence-Revised.
2
Parental education, maternal IQ, prenatal maternal smoking, child's age at testing, child's sex, and average weekly alcohol intake during 
pregnancy.
3
P-value for the hypothesis of no difference in IQ-scores across levels of average weekly alcohol intake before pregnancy.
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Table 4
Associations between maternal alcohol intake before pregnancy and offspring mean TEACh-51, Denmark 
2003-2008.
Crude Adjusted2
Average number of
drinks per week before
pregnancy
Mean score Meandifference 95% CI
Mean
difference 95% CI
Overall attention
  0 0.00 Reference - Reference -
  15-21 0.12 0.11 [−0.23; 0.45] −0.15 [−0.65; 0.34]
  ≥22 −0.40 −0.40 [−0.94; 0.13] −0.80 [−1.35; −0.25]
    p-value3 0.18 0.01
Selective attention
  0 −0.07 Reference - Reference -
  15-21 0.06 0.12 [−0.24; 0.48] −0.13 [−0.62; 0.36]
  ≥22 0.02 0.09 [−0.32; 0.51] −0.28 [−0.79; 0.24]
    p-value3 0.78 0.57
Sustained attention
  0 0.07 Reference - Reference -
  15-21 0.13 0.06 [−0.26; 0.38] −0.12 [−0.65; 0.42]
  ≥22 −0.64 −0.70 [−1.33; −0.08] −0.97 [−1.66; −0.28]
    p-value3 0.06 0.01
1
Test of Everyday Attention for Children at Five.
2
Parental education, maternal IQ, prenatal maternal smoking, child's age at testing, child's sex, and average weekly alcohol intake during 
pregnancy.
3
P-value for the hypothesis of no difference in IQ-scores across levels of average weekly alcohol intake before pregnancy.
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Table 5
Associations between maternal alcohol intake before pregnancy and offspring mean BRIEF1 index score: the 
Behavioural Regulation Index (BRI) and the Metacognition Index (MI), Denmark 2003-2008.
Crude Adjusted2
Average number of
drinks per week before
pregnancy
Mean score Meandifference 95% CI
Mean
difference 95% CI
Parent-rated BRI
  0 49.67 Reference - Reference -
  15-21 50.70 1.03 [−1.77; 3.83] 2.28 [−2.49; 7.05]
  ≥22 49.55 −0.12 [−4.43; 4.19] 0.72 [−4.23; 5.68]
    p-value 3 0.73 0.61
Parent-rated MI
  0 49.23 Reference - Reference -
  15-21 50.95 1.72 [−0.95; 4.39] 3.35 [−1.38; 8.08]
  ≥22 50.40 1.17 [−2.90; 5.23] 2.21 [−2.92; 7.33]
    p-value 3 0.44 0.37
Teacher-rated BRI
  0 49.78 Reference - Reference -
  15-21 50.11 0.33 [−2.41; 3.06] −3.17 [−7.37; 1.02]
  ≥22 50.34 0.56 [−3.91; 5.03] −2.15 [−7.35; 3.05]
    p-value 3 0.96 0.36
Teacher-rated MI
  0 50.65 Reference - Reference -
  15-21 49.63 −1.03 [−3.84; 1.79] −4.25 [−8.64; 0.14]
  ≥22 50.30 −0.35 [−4.82; 4.11] −3.18 [−8.67; 2.32]
    p-value 3 0.78 0.17
1
Behaviour Rating Inventory of Executive Function.
2
Parental education, maternal IQ, prenatal maternal smoking, child's age at testing, child's sex, and average weekly alcohol intake during 
pregnancy.
3
P-value for the hypothesis of no difference in IQ-scores across levels of average weekly alcohol intake before pregnancy.
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Table 6
Associations between maternal alcohol intake before pregnancy and offspring mean MABC1 score, Denmark 
2003-2008.
Crude Adjusted2
Average number of
drinks per week before
pregnancy
Mean score Meandifference 95% CI
Mean
difference 95% CI
  0 7.24 Reference - Reference -
  15-21 8.38 1.14 [−1.76; 4.05] −3.15 [−8.10; 1.80]
  ≥22 12.12 4.88 [−0.48; 10.24] 2.96 [−1.00; 6.92]
    p-value 3 0.19 0.01
1
Movement ABC.
2
Parental education, maternal IQ, prenatal maternal smoking, child's age at testing, child's sex, and average weekly alcohol intake during 
pregnancy.
3
P-value for the hypothesis of no difference in IQ-scores across levels of average weekly alcohol intake before pregnancy.
BJOG. Author manuscript; available in PMC 2016 December 01.
